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© Simulated mother-of-pearl. 



© An iridescent lustrous composite which can simulate the appearance of mother-of-pearl comprises a 
substrate comprising a transparent or translucent plastic which has been pigmented with a metal oxide coated 
mica pigment and the substrate carries on at least one of its surfaces a transparent thermoplastic resinous 
laminate film of at least ten very thin and generally parallel layers of transparent thermoplastic resinous 
materials, the contiguous layers differing in refractive index by at least about 0.03 and in which the layer at each 
external surface of the laminate film has a thickness which is greater than the thickness of any one of the 
multiple very thin layers. 
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SIMULATED MOTHER-OF-PEARL 



BACKGROUND OF THE INVENTION 

The distinctive appearance of mother-of-pearl depends on two optical characteristics: pearly 'uster and 
5 iridescence. Pearly or pearlescent luster may be reproduced by the use of nacreous pigments. The earliest 
such pigment is natural pearl essence, derived from fish scales. More recent nacreous pigments are the 
metal oxide-coated mica pigments, such as titanium dioxide-coated mica. The second property, irides- 
cence, is a play of colors produced by light interference; certain wavelengths in wh:te light are reinforced 
whiie others are suppressed. Certain metal oxide-mica pigments display interference color in addition to 
io pearlescent luster. 

Attempts to reproduce the appearance of mother-of-pearl go back many years. Higgins (U.S. Patent 
Nos. 1,539,084; 1,606,030; 1,607,623; and 1,607,624) describes the production of pearly celluloid sheets 
pigmented with fish scale pigment, i.e. natural pearl essence. These sheets have the luster of mother-of- 
pearl but lack color. 

15 In the U.S. Patent No. 1,607,622, iridescent color produced from interference by a single thin film of 
nitrocellulose, polished with a basic halogen salt of bismuth, is combined with the luster of fish scale 
pigment The iridescence is very weak, the method is time-consuming and costly, and the product lacks the 
mechanical strength and wear-resistance for the intended end-uses, e.g. boxes, trays, mirror and brush 
backs, optical frames and the like. 

20 Interference pigments, for example, titanium dioxide-coated mica in which the titanium dioxide layer is 
of interference film thickness, may be used in a plastic sheet for both pearl and color effects. However, a 
given interference pigment is limited to a single reflection color. A combination of different interference 
pigments incorporated side-by-side in a plastic sheet to increase the color range produces a discontinuous, 
blotchy effect which lacks the subtlety of the smooth color transitions which are characteristic of natural 

25 mother-of-pearl. 

A true simulation of mother-of-pearl in a plastic sheet is accomplished in the present invention by 
combining a pearlescent plastic sheet containing metal oxide-coated mica with an intensely colored 
multilayer iridescent plastic film. The product has the appearance of natural mother-of-pearl and the 
mechanical properties necessary for successful use in objects such as compacts, mirror and brush backs, 
30 trays, pill boxes, etc. 



SUMMARY OF THE INVENTION 

35 The invention requires the combination of two plastic articles, a pearlescent sheet and an iridescent 
film. The pearlescent sheet comprises a transparent or translucent plastic pigmented with a metal oxide- 
coated mica, a preferred type being titanium dioxide-coated mica. These pigment particles are platelets, 
and sheets with either uniform or variegated pearl luster may be obtained depending on the orientation of 
the platelets. 

40 The iridescent film is a multilayer structure comprising an optical core consisting of alternating very thin 
layers of two or more transparent thermoplastic polymers with different refractive indexes and a thicker 
"skin" layer on each of the two outer surfaces. The very thin core layers 'produce intense color by light 
interference; slight variations in layer thickness from one portion of the film to another create a variety of . 
interference colors which reproduces the color ranges common in natural mother-of-pearl. ' 

45 The pearlescent sheet and the iridescent film are laminated to produce the simulated mother-of-pearl 1 
product. The lamination is achieved with an adhesive, or by coextrusion, extrusion lamination, hot melt 
lamination, solvation, or heat sealing techniques. The invention, although directed to simulated mother-of- 
pearl, is also capable of producing plastic sheets with luster and iridescence even more intense and varied 
than seen in the natural product. These examples are novel and highly decorative. 

50 
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DESCRIPTION OF THE INVENTION 

The steps involved in making the mother-of-pearl sheet are: production of the pearlescent sheet; 
production of the iridescent film; lamination of the sheet and film to form a single sheet, 
s Pearlescent sheets can be prepared with a variety of nacreous pigments, such as coated mica 
pigments, natural pearl essence, basic lead carbonate, and bismuth oxychloride. Related appearances are 
obtained with metal flake pigments. The coated mica pigments are particularly suitable because they 
produce a great variety of optical effects and are especially resistant to fragmentation during tne processing 
operations. 

to The pearlescent sheet may be produced by incorporating a metal oxide-coated mica pigment in a 
transparent or translucent polymer. An example is titanium dioxide-coated mica pigment, pearl-white in 
color; in cellulose acetate. The pigment is conveniently b'ended vith cellulose acetate molding powder in a 
Banbury mixer. The pearly mass is granulated and fed to an extruder provided with a sheet-forming die to 
produce an extruded sheet with a uniform pearly luster. A 0.30 mm thick sheet achieves an attractive luster 

75 with a titanium dioxide-mica pigment content of about 0.2% to 20%, and preferably 0.5% to 10%. 

A variegated luster can be produced by cutting a uniformly lustrous extruded sheet into pieces which 
are then fused into a block or cake. A thicker sheet for example, about 0.5 to about 3 mm, is suitable for 
this purpose. The pieces conveniently range from about 5 to about 40 mm in length and from about 2 mm 
to about 20 mm in width, but these ranges can be exceeded for special effects. The mold is filled randomly 

20 with the pieces which tend to lie more or less flat. Heat and pressure sufficient to form a solid block are 
applied, and the cake is sliced into sheets parallel to its top surface. The pigment platelets are oriented 
substantially parallel to the surface of the cake, but with sufficient variation in orientation from one point to 
another to yield a variegated lustrous pattern. The variation in orientation produces areas with bright luster 
adjacent to less bright regions, and the lustrous areas shift in position as the sheet is viewed from different 

25 angles. 

Thermoplastic and thermosetting polymers may be used for the pearlescent sheet. Among the suitable 
thermoplastic polymers for use in the present invention, in addition to cellulose acetate, are other cellulosics 
such as cellulose propionate, cellulose acetate butyrate, and ethyi cellulose; polyolefins such as polyethyl- 
ene, polypropylene and other copolymers; acrylics such as polymethyl methacryiate; polyvinyl chloride and 
30 its copolymers; polyesters such as polyethylene te rep nth a late, polybutylene terephthalate, and glycol- 
modified polyethylene terephthalate; polystyrene and the like. Unsaturated polyester resins are examples of 
- suitable thermosetting polymers. The polymer should be transparent or translucent for effective display of 
the pearlescent luster. 

Suitable nacreous pigments are mica coated with an oxide from the group including Ti02, Zr02, Sn02, 
35 ZnO, Fe2 03, O2O3 and VzOs, or with mixtures containing two or more oxides. The oxides of Ti, Zr, Sn, and 
Zn are uncolored and may be used for the white pearl type* of sheet which has been described. The oxides 
of Fe, Cr, and V are themselves colored and produce novel effects unseen in natural mother-of-pearl. 
Additional striking color effects, as will be described, are obtained by using interference pigments. Further 
novel effects are produced by combination pigments, in which the oxide-coated mica contains additional 
40 colorant. An example is titanium dioxide-coated mica overcoated with iron blue, if the reflection color -of the 
mica pigment is itself blue, an especially intense blue luster is obtained. If the reflection color is any color 
but blue, a two-color effect is produced by the single pigment. 

The production of iridescent film is described in Cooper et al., U.S. Patent No. Re. 31 ,780. The optical 
component of the film consists of a plurality of generally parallel layers of two or more transparent 
45 thermoplastic resinous materials in which the contiguous adjacent layers are of diverse resinous materials 
whose index of refraction differs by at least about 0.03. The film contains at least 10 layers and more 
, usually at least 35 layers and, preferably, at least about 70 layers. 

The individual layers of the film are very thin, usually in the range of about 30 to 500 nm, pref erably 
about 50-400 nm, which causes constructive interference in light waves reffected from the many interfaces. 
so The reflected wavelength is proportional to the sum of the optical thicknesses of a pair of layers, and can 
be calcuiated for a two-component film from the equation 

M = "S" < nitl + n2tz > 

In this equation $L is the reflected wavelength, M is the order of the reflection, t is the layer 
55 thickness, n is the refractive index, and 1 and 2 indicate the polymer of the first layer and the polymer of 
the second layer, respectively. The quantity nt is the optical thickness of a layer. For first order reflectance, 
i.e. where M is 1, visible light is reflected when the sum of optical thicknesses falls between about 200 and 
350 nm. For first order reflections, reflectance is highest when the optica! thicknesses of the layers are 
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equal, although suitably high reflectances can be achieved when the ratio of optical thicknesses falls 
between 5:95 and 95:5. 

The multilayer films can be made by a chill roil casting technique using a conventional single manifold 
flat die in combination with a feedblock which collects the melts from each of two or more extruders and 

5 arranges them into the desired pattern. Feedblocks are described in U.S. Patent Nos. 3,565,985 and 
3,773,882. The feedblocks can be used to form alternating layers of two components (e.g. ABAB...), three 
components (e.g. ABCABC..,), or more. Usually, the outermost layer or layers on each side of the film ara 
thickar than the multiple layers and do not contribute to the optical effect. This thicker skin may consist of 
one of the components which make up the optical core; may be of a different polymer or blend of polymers 

to used to impart desirable mechanical, heat sealing, laminating, or other properties; and may consist of more 
than one layer. The two skins are generally of the same composition but may be different if desired. 

If the resin (polymer) layers were completely uniform in thickness, the film would have a single 
reflection color at a given angle of illumination and observation. Very slight variations in width of the 
opening of tho film-forming die from point to point across its iength cause enough variation in layer 

15 thickness to produce different reflection colors from point to point in the iridescent film. Thus, the film has 
many colors. Each color also shifts with the angle of viewing, in accordance with the optical principles which 
govern iridescence. 

The chill roll is ordinarily highly polished to produce a film with a very smooth surface and high gloss. 
For some purposes, a "frosted", more matte iridescent quality is preferred. This effect may be obtained by 
20 the use of a chill roil with minute surface irregularities which impart a microscopic roughness to the skin in 
contact with the roll. 

The iridescent film is best described by a specific example, in which a 115-layer optical core consisted 
of giycol-modified polyethylene terephthalate (PETG) as the high index polymer resin and poiymethyi 
methacrylate (PMMA) as the low index polymer resin. The optical thickness of the PETG layers ranged 

25 from about 17 to about 20 nm, that of the PMMA layers from about 7 to about 9 nm. The very smooth skin 
layers consisted of a mixture of equal parts of PMMA and an impact-modified poiymethyi methacrylate. The 
overall film thickness was about 22 nm. The film reflected primarily green and red light when illuminated 
and viewed perpendicularly. 

Other polymer resin pairs may be used for the optical core, the criterion being that they differ in 

30 refractive index by at least about 0.03 and preferably by at least 0.06 or more. A list of typical resins and 
their refractive indexes is given in Table I. Iridescent color is produced by pairs with the necessary 
refractive index separation. 



TABLE I 



35 



Polymer Name 



Refractive 
Index 



40 



45 



FEP (fluorinated ethylene-propylene copolymer) 

Polytetrafluorethylene 

Polyvinylidenefluoride 

Polychlorotrifluoroethylene 

Polybutyl acrylate 

Polyvinyl acetate 

Ethyl cellulose 

Polyformaldehyde 

Polytsobutyl methacrylate 

Polybutyl methacrylate 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



.34 
35 
.42 
.42 
.46 
.47 
.47 
48 
,48 
.48 
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TABLE I (cont'd.) 





Polymer Name 


Refractive 


5 




Index 




Polymethyi acrylate 


1.48 




Polypropyl methacryfate 


1.48 




Polyethyl methacrylate 


1.48 


10 


Polymethyi methacrylate 


1.49 


Cellulose acetate 


1*9 




Cellulose propionate 


1.49 




Cellulose acetate-butyrate 


1.49 




Cellulose nitrate 


1.49 


15 


Polyvinyl butaryl 


1.49 


Polypropylene 


1.49 




Low density polyethylene (branched) 


1.51 




Polyisobutylene 


1.51 




Natural rubber 


1.52 




Perbunan 


1.52 




Polybutadiene 


1.52 




Nyion (condensation copolymer of hexamethylenediamine and adipic acid) 


1.53 




ruiyvinyi uniur dtwicitw 






Polyvinyichloride 


1.54 


25 


Polyethylene (high density linear) 


1.54 


A copolymer of 67 parts by weight methyl methacrylate and 33 parts by weight styrene 


1.54 




A copolymer of 85 parts by weight vinyl chloride and 15 parts by weight vinylidene chloride 


1.55 




Poly- -methylstyrene 


1.56 




A copolymer of 60 parts by weight styrene and 40 parts by weight butadiene 


1.56 




Neoprene 


1.56 


30 







TABLE I (cont'd.) 



Polymer Name 


Refractive 




Index 


A copolymer of 70 parts by weight styrene and 30 parts by weight acrylonitrile 


1.57 


Polyethylene terephthalate, glycol-modified 


1.57 


Polybutylene terephthalate 


1.57 


Polyethylene terephthalate 


1.57 


Polycarbonate 


1.59 


Polystyrene 


1.60 


A copolymer of 85 parts by weight vinylidene chloride and 15 parts by weight vinyl chloride 


1.61 


Polydichlorostyrene 


1.62 



For the low refractive index component, polymethyi methacrylate (PIV1MA), polypropylene (PP), and 
ethylene vinyl acetate (EVA) are particularly useful. As the high index component, polystyrene (PS), 
so polycarbonate (PC), polyethylene terephthalate (PET), modified PET, and polybutylene terephthalate (PBT) 
are especially suitable. 

The polymer resin of the skin layer may be one of the core polymers or may be a different polymer 
chosen for its mechanical and other properties. Impact acrylic resin imparts improved winding characteris- 
tics, and provides a surface which is very receptive to adhesives as well as to printing inks and hot 
55 stamping foils. Where feasible, it is useful for the skin polymer to be the same as the peartescent sheet 
polymer. 

The above-described variegated pearly cellulose acetate sheet and iridescent film can be laminated 
together with for instance substantially clear and colorless poiyurethane adhesive. The resulting sheet 
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closely simulates the appearance of mother-of-pearl; it displays both the pearly luster and iridescence of' 
the natural product when viewed with the iridescent film as the top surface. 

The laminating procedure depends on the polymers of the pearlescent sheet and the skin of the 
iridescent film. When the two polymers are the same, and sometimes when they differ, they may be 
5 laminated directly by heat without an intervening adhesive. Thus, a peariescent PVC sheet may be heat 

laminated to an iridescent film which has a PVC skin. Similarly, no adhesive is needed to bond a * 
pearlescent methacrylate sheet to an iridescent film with a skin containing PMMA and impact-modified 
PMMA. In some cases, different polymers will bond well by heat lamination, e.g. acrylic to vinyl, EVA to PE. 
For cellulosics to polypropylene, on the other hand, adhesion lamination may be accomplished using 
io substantially clear and colorless acrylic, polyurethane. thermosetting polyester, or thermoplastic polyester 
adhesives. Another technique is to heat laminate a dry bonding film of, for example, EVA copolymer 
between the pearl sheet and the iridescent film to etfect the bond. 

In order to further illustrate the present invention, several examples are set forth below, and it wilt be 
appreciated that these examples are not intended to limit the invention. 

15 

Example 1: Iridescent film on white pearl-reflecting Ti0 2 -coated mica in poiymethyl methacrylate (PMMA). 

PMMA was pigmented by the addition of 2.5% Ti02-coated mica (35% Ti02. 65 % mica, most platelets 
20 5-25 um in the longest direction) by blending in a Banbury mixer followed by granulation. The granulated 
pearlescent plastic was extruded to form a sheet 1 .33 mm thick. The pearlescent sheet was cut into pieces 
ranging from 10-30 mm in length by 5-15 mm in width which were randomly stacked in a cake mold for 
fusing into one mass by pressing at about 245 *F (about 120* C) and about 1000 psi (about 70 kg/cm 2 ). 
After cooling, the cake was sliced parallel to the top surface to form sheets 0.25 mm thick. The pearlescent 
25 sheets had a brilliant variegated pearlescent luster. 

To make the iridescent film, clear polybutylene terephthalate (PBT) was fed to a feedblock from one 
extruder and clear PMMA from a second extruder to form a 23 um (0.9 mil) film consisting of a total of 115 
PBT and PMMA optical layers and two PMMA skin layers. Each skin layer was 20% of the total film. The 
PBT layers and the PMMA layers both ranged from about 0.11 to about 0.14 um in optical thickness from 
30 point to point on the film. The film was brightly iridescent, and reflected blue, red, and green at 
perpendicular incidence. 

The iridescent film was heat laminated to the pearlescent sheet to produce a brilliantly iridescent and 
pearlescent composite very similar in appearance to natural mother-of-pearl. 

35 

Example 2: Iridescent film on white pearf-reflecting Ti02-coated mica in cellulose acetate (CA). 

The procedure of Example 1 was followed except that cellulose acetate (CA) was used for the 
pearlescent sheet in place of PMMA. The cake was pressed at about 200* F (about 90* C) and about 1000 

40 psi (about 70 kg/cm 2 ). The optical core of the iridescent film consisted of PETG/PMMA. The PETG layers 
ranged in optical thickness from 0.17 to about 0.20 um, and the PMMA layers from about 0.07 to 0.09 um. 
The skin consisted of a layer of PETG adjacent to the optical core and a second outer layer which was a 
mixture of equal parts of PMMA and impact-modified acrylic resin, i.e. PMMA modified with elastomer; this 
outermost skin layer was applied by means of a third extruder. The iridescent sheet was prevailingly green 

45 and red when viewed at perpendicular incidence. The pearlescent sheet and iridescent film were adhesive- 
laminated with a poly(2-ethy!hexyl acrylate) adhesive. 



Example 3: Iridescent film on gold-reflecting T1O2 -coated mica in polyvinyl chloride (PVC). 

so 

The procedure of Example 1 was foflowed except that 3.0% gold-reflecting TiCb-coated mica (50% 
TiOs, 50% mica) was used as the pigment and PVC as the polymer for the pearlescent sheet. The extruded 
sheet had a uniform golden luster, and was used directly without introducing the variegated pattern of 
Example 1. 

55 The iridescent film was made with three extruders: polystyrene (PS) and ethylene vinyl acetate (EVA) 
for the optical core, and PVC for the skins. The iridescent film was heat-laminated to the golden PVC sheet, 
to produce a lustrous composite displaying a range of iridescent colors from greenish gold to reddish gold 
and copper. 

6 



BNSDOCID: <EP. 



.0298603 A2J_> 



EP 0 298 



• 



Example 4: Iridescent film on bronze-reflecting iron oxide-coated mica in CA. 

The procedure of Example 2 was followed, except that the pigment consisted of 1.5% bronze-reflecting 
iron oxide-coated mica (37% Fe2Ch, 63% mica). A variegated pattern was introduced as in Example 2. The 
5 resulting lustrous bronze sheet was adhesive-laminated with polyurethane to the iridescent film of Example 
2. The resulting product displayed a range of brilliant iridescent colors from greenish bronze to copper. 

Examples 1 and 2 illustrate the production of simulated mother-of-pearl. Examples 3 and 4 exhibit novel 
and attractive iridescent colors not encountered in the natural product. Any cf the composite sheets may be 
adhered to plastic, metal, wood, paperboard, or other surface to produce the indicated decorative effect. 
w They are mechanically stable and can be fabricated and handled without impairment. 

The visual effects can be modified by the use of metal oxide-ccated mica pigments with different 
particle size range. Smaller particles, e.g. 5-15 urn, produce a softer pearl luster; larger oarticfes, e.g. 10-40 
urn, a more brilliant luster. Still larger particles can be used for a more metallic, glittery luster. Thus, the 
method may be utilized for a wide variety of effects. 
is The iridescent films which have been described achieve variations in reflection color by means of minor 
differences in layer thickness in the optical core. Very attractive films with less extended color play are 
obtained by reducing the thickness variation. Furthermore, although the invention has been described in 
terms of iridescent film laminated to pearlescent sheets, analogous effects are obtained with iridescent film 
laminated to pearlescent plastic particles of any desired shape. 

20 

Claims 

I. An iridescent, lustrous composite comprising a substrate comprising a transparent or translucent 
25 thermoplastic resin pigmented with a metal oxide-coated mica pigment, said substrate carrying on at least 

one surface thereof a transparent thermoplastic resinous laminate film of at least 10 very thin and generally 
parallel layers of transparent thermoplastic resinous materials, the contiguous layers differing in refractive 
index by at least about 0.03, and in which the layer at each external surface has a thickness which is 
greater than the thickness of any one of said very thin layers. 
30 2. The composite of Claim 1, in which the pigment is titanium dioxide-coated mica. 

3. The composite of Claim 1, in which the pigment is ferric oxide-coated mica. 

4. The composite of Claim 1 , in which the transparent thermoplastic resinous laminate film has at least 
35 layers. 

5. The composite of Claim 1 , in which the transparent thermoplastic resinous laminate film has at least 
35 about 70 layers. 

6. The composite of Claim 5, in which the adjacent contiguous layers differ in refractive index by at 
least about 0.06. 

7. The composite of Claim 6, in which each external surface layer of the film has a thickness of at least 
5% of the total thickness of the film. 

40 8. The composite of Claim 7, in which a plurality of the layers of said film is a terephthalate polyester or 
copolyester resin having a refractive index of 1.55 to 1.61 or polystyrene. 

9. The composite of Claim 8, in which the substrate thermoplastic resin is polymethyt methacrylate and 
said film comprises alternate layers of polybutylene terephthalate and polymethyl methacrylate. 

10. The composite of Claim 8, in which the substrate thermoplastic resin is cellulose acetate, the 
45 internal layers of the film are alternating layers of glycol-modified polyethylene terephthalate and polymethyt 

methacrylate and the layer at the external surface contains a mixture of polymethyl methacrylate and acrylic 
resin. 

II. The composite of Claim 7, in which the substrate thermoplastic resin is polyvinyl chloride, the 
internal layers of the film are alternating layers of polystyrene and ethylene vinyi acetate and the film layer 

so at each external surface is polyvinyl chloride. 

12. The composite of Claim 7, wherein the thermoplastic resin of the substrate and of the external 
surface of the film are heat laminatable without intervening adhesive. 

13. The composite of Claim 7, in which the substrate exhibits a variegated luster. 

14. The composite of Claim 1, wherein the thermoplastic resin of the substrate and of the external 
55 surface of the film are heat laminatable without intervening adhesive. 

15. The composite of Claim 1, in which the substrate exhibits a variegated luster. 
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Description 

BACKGROUND OF THE INVENTION 

5 The distinctive appearance of mother-of-pearl depends on two optical characteristics: pearly luster and 
iridescence. Pearly or pearlescent luster may be reproduced by the use of nacreous pigments. The earliest 
such pigment is natural pearl essence, derived from fish scales. More recent nacreous pigments are the 
metal oxide-coated mica pigments, such as titanium dioxide-coated mica. The second property, irides- 
cence, is a play of colors produced by light interference; certain wavelengths in white light are reinforced 

io while others are suppressed. Certain metal oxide-mica pigments display interference color in addition to 
pearlescent luster. 

Attempts to reproduce the appearance of mother-of-pearl go back many years. Higgins (U.S. Patent 
Nos. 1,539,084; 1,606,030; 1,607,623; and 1,607,624) describes the production of pearly celluloid sheets 
pigmented with fish scale pigment, i.e. natural pearl essence. These sheets have the luster of mother-of- 
15 pearl but lack color. 

In the U.S. Patent No. 1,607,622, iridescent color produced from interference by a single thin film of 
nitrocellulose, polished with a basic halogen salt of bismuth, is combined with the luster of fish scale 
pigment. The iridescence is very weak, the method is time-consuming and costly, and the product lacks the 
mechanical strength and wear-resistance for the intended end-uses, e.g. boxes, trays, mirror and brush 

20 backs, optical frames and the like. 

Interference pigments, for example, titanium dioxide-coated mica in which the titanium dioxide layer is 
of interference film thickness, may be used in a plastic sheet for both pearl and color effects. However, a 
given interference pigment is limited to a single reflection color. A combination of different interference 
pigments incorporated side-by-side in a plastic sheet to increase the color range produces a discontinuous, 

25 blotchy effect which lacks the subtlety of the smooth color transitions which are characteristic of natural 
mother-of-pearl. 

A true simulation of mother-of-pearl in a plastic sheet is accomplished in the present invention by 
combining a pearlescent plastic sheet containing metal oxide-coated mica with an intensely colored 
multilayer iridescent plastic film. The product has the appearance of natural mother-of-pearl and the 
30 mechanical properties necessary for successful use in objects such as compacts, mirror and brush backs, 
trays, pill boxes, etc. 

SUMMARY OF THE INVENTION 

35 The invention requires the combination of two plastic articles, a pearlescent sheet and an iridescent 
film. The pearlescent sheet comprises a transparent or translucent plastic pigmented with a metal oxide- 
coated mica, a preferred type being titanium dioxide-coated mica. These pigment particles are platelets, 
and sheets with either uniform or variegated pearl luster may be obtained depending on the orientation of 
the platelets. 

40 The iridescent film is a multilayer structure comprising an optical core consisting of alternating very thin 
layers of two or more transparent thermoplastic polymers with different refractive indexes and a thicker 
"skin" layer on each of the two outer surfaces. The very thin core layers produce intense color by light 
interference; slight variations in layer thickness from one portion of the film to another create a variety of 
interference colors which reproduces the color ranges common in natural mother-of-pearl. 

45 The pearlescent sheet and the iridescent film are laminated to produce the simulated mother-of-pearl 
product. The lamination is achieved with an adhesive, or by coextrusion, extrusion lamination, hot melt 
lamination, solvation, or heat sealing techniques. The invention, although directed to simulated mother-of- 
pearl, is also capable of producing plastic sheets with luster and iridescence even more intense and varied 
than seen in the natural product. These examples are novel and highly decorative. 

50 

DESCRIPTION OF THE INVENTION 

The steps involved in making the mother-of-pearl sheet are: production of the pearlescent sheet; 
production of the iridescent film; lamination of the sheet and film to form a single sheet. 
55 Pearlescent sheets can be prepared with a variety of nacreous pigments, such as coated mica 
pigments, natural pearl essence, basic lead carbonate, and bismuth oxychloride. Related appearances are 
obtained with metal flake pigments. The coated mica pigments are particularly suitable because they 
produce a great variety of optical effects and are especially resistant to fragmentation during the processing 
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operations. 

The pearlescent sheet may be produced by incorporating a metal oxide-coated mica pigment in a 
transparent or translucent polymer. An example is titanium dioxide-coated mica pigment, pearl-white in 
color; in cellulose acetate. The pigment is conveniently blended with cellulose acetate molding powder in a 

5 Banbury mixer. The pearly mass is granulated and fed to an extruder provided with a sheet-forming die to 
produce an extruded sheet with a uniform pearly luster. A 0.30 mm thick sheet achieves an attractive luster 
with a titanium dioxide-mica pigment content of about 0.2% to 20%, and preferably 0.5% to 10%. 

A variegated luster can be produced by cutting a uniformly lustrous extruded sheet into pieces which 
are then fused into a block or cake. A thicker sheet for example, about 0.5 to about 3 mm, is suitable for 

w this purpose. The pieces conveniently range from about 5 to about 40 mm in length and from about 2 mm 
to about 20 mm in width, but these ranges can be exceeded for special effects. The mold is filled randomly 
with the pieces which tend to lie more or less flat. Heat and pressure sufficient to form a solid block are 
applied, and the cake is sliced into sheets parallel to its top surface. The pigment platelets are oriented 
substantially parallel to the surface of the cake, but with sufficient variation in orientation from one point to 

75 another to yield a variegated lustrous pattern. The variation in orientation produces areas with bright luster 
adjacent to less bright regions, and the lustrous areas shift in position as the sheet is viewed from different 
angles. 

Thermoplastic and thermosetting polymers may be used for the pearlescent sheet. Among the suitable 
thermoplastic polymers for use in the present invention, in addition to cellulose acetate, are other cellulosics 

20 such as cellulose propionate, cellulose acetate butyrate, and ethyl cellulose; polyolefins such as polyethyl- 
ene, polypropylene and other copolymers; acrylics such as polymethyl methacrylate; polyvinyl chloride and 
its copolymers; polyesters such as polyethylene terephthalate, polybutylene terephthalate, and glycol- 
modified polyethylene terephthalate; polystyrene and the like. Unsaturated polyester resins are examples of 
suitable thermosetting polymers. The polymer should be transparent or translucent for effective display of 

25 the pearlescent luster. " v * ^ 

Suitable nacreous pigments are mica coated with an oxide from the group including TiCb, ZrCb, SnC>2, 
ZnO, Fe203, C^Cfe and V 2 Os, or with mixtures containing two or more oxides. The oxides of Ti, Zr, Sn, and 
Zn are uncolored and may be used for the white pearl type of sheet which has been described. The oxides 
of Fe, Cr, and V are themselves colored and produce novel effects unseen in natural mother-of-pearl. 

30 Additional striking color effects, as will be described, are obtained by using interference pigments. Further 
novel effects are produced by combination pigments, in which the oxide-coated mica contains additional 
colorant. An example is titanium dioxide-coated mica overcoated with iron blue. If the reflection color of the 
mica pigment is itself blue, an especially intense blue luster is obtained. If the reflection color is any color 
but blue, a two-color effect is produced by the single pigment. 

35 The production of iridescent film is described in Cooper et al., U.S. Patent No. Re. 31 ,780. The optical 
component of the film consists of a plurality of generally parallel layers of two or more transparent 
thermoplastic resinous materials in which the contiguous adjacent layers are of diverse resinous materials 
whose index of refraction differs by at least about 0.03. The film contains at least 10 layers and more 
usually at least 35 layers and, preferably, at least about 70 layers. 

40 The individual layers of the film are very thin, usually in the range of about 30 to 500 nm, preferably 
about 50-400 nm, which causes constructive interference in light waves reflected from the many interfaces. 
The reflected wavelength is proportional to the sum of the optical thicknesses of a pair of layers, and can 
be calculated for a two-component film from the equation 

45 \ M = ra (nit! + n 2 t2) 

In this equation X is the reflected wavelength, M is the order of the reflection, t is the layer thickness, n 
is the refractive index, and 1 and 2 indicate the polymer of the first layer and the polymer of the second 
layer, respectively. The quantity nt is the optical thickness of a layer. For first order reflectance, i.e. where 
so M is 1, visible light is reflected when the sum of optical thicknesses falls between about 200 and 350 nm. 
For first order reflections, reflectance is highest when the optical thicknesses of the layers are equal, 
although suitably high reflectances can be achieved when the ratio of optical thicknesses falls between 5:95 
and 95:5. 

The multilayer films can be made by a chill roll casting technique using a conventional single manifold 
55 flat die in combination with a feedblock which collects the melts from each of two or more extruders and 
arranges them into the desired pattern. Feedblocks are described in U.S. Patent Nos. 3,565,985 and 
3,773,882. The feedblocks can be used to form alternating layers of two components (e.g. ABAB...), three 
components (e.g. ABCABC...), or more. Usually, the outermost layer or layers on each side of the film are 
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thicker than the multiple layers and do not contribute to the optical- effect. This4hicker skin may consist of 
one of the components which make up the optical core; may be of a different polymer or blend of polymers 
used to impart desirable mechanical, heat sealing, laminating, or other properties; and may consist of more 
than one layer. The two skins are generally of the same composition but may be different if desired. 

5 If the resin (polymer) layers were completely uniform in thickness, the film would have a single 
reflection color at a given angle of illumination and observation. Very slight variations in width of the 
opening of the film-forming die from point to point across its length cause enough variation in layer 
thickness to produce different reflection colors from point to point in the iridescent film. Thus, the film has 
many colors. Each color also shifts with the angle of viewing, in accordance with the optical principles which 

io govern iridescence. 

The chill roll is ordinarily highly polished to produce a film with a very smooth surface and high gloss. 
For some purposes, a "frosted", more matte iridescent quality is preferred. This effect may be obtained by 
the use of a chill roll with minute surface irregularities which impart a microscopic roughness to the skin in 
contact with the roll. 

rs The iridescent film is best described by a specific example, in which a 115-layer optical core consisted 
of glycol-modified polyethylene terephthalate (PETG) as the high index polymer resin and polymethyl 
methacrylate (PMMA) as the low index polymer resin. The optical thickness of the PETG layers ranged 
from about 17 to about 20 nm, that of the PMMA layers from about 7 to about 9 nm. The very smooth skin 
layers consisted of a mixture of equal parts of PMMA and an impact-modified polymethyl methacrylate. The 

20 overall film thickness was about 22 nm. The film reflected primarily green and red light when illuminated 
and viewed perpendicularly. 

Other polymer resin pairs may be used for the optical core, the criterion being that they differ in 
refractive index by at least about 0.03 and preferably by at least 0.06 or more. A list of typical resins and 
their refractive indexes is given in Table I. Iridescent color is produced by pairs with the necessary 

25 refractive index separation. ' 



' V v ' TABLE I 

Polymer Name Refractive Index 

30 FEP (fluorinated ethylene-propylene copolymer) 1.34 

Polytetraf luoroethylene 1.35 

Polyvinylidenef luoride 1.42 

35 Polychlorotrif luoroethylene 1.42 

Polybutyl acrylate 1.46 

Polyvinyl acetate „ 1.47 

Ethyl cellulose 1 47 

Polyf ormaldehyde 1.48 

Polyisobutyl methacrylate 1.48 

Polybutyl methacrylate 1.48 

45 
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TABLE I (cont'd.) 
Polymer Name Refractive Indg* 

5 Polymethyl acrylate 1#48 

Polypropyl methacrylate 1#48 

Polyethyl methacrylate 1#48 

Polymethyl methacrylate 1 4Q 

Cellulose acetate 1.49 

Cellulose propionate 1.49 

Cellulose acetate-butyrate 1.49 

is Cellulose nitrate 1.49 

Polyvinyl butaryl ^ 4g 

Polypropylene 1>4g 

20 Lov density polyethylene ( branched) v 1.51 

Polyisobutylene 1.51 

Natural rubber 2 52 

Perbunan ^ 52 

25 Polybutadiene ^ 52 

Nylon (condensation copolymer of hexamethylene- 

diamine and adipic acid) 1.53 

30 Polyvinyl chloracetate 1>54 

Polyvinylchloride 1.54 

Polyethylene (high density linear) 1,54 

A copolymer of 67 parts by weight methyl meth- 
35 acrylate and 33 parts by weight styrene 1.54 

A copolymer of 85 parts by weight vinyl chlo- 
ride and 15 parts by weight vinylidene 
chloride 1.55 

to Poly- -methylstyrene 1.56 

A copolymer of 60 parts by weight styrene and 

40 parts by weight butadiene 1.56 
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TABLE I (cont'd.) - 
Polymer Name Refractive index 

A copolymer of 70 parts by weight styrene and 

30 parts by weight acrylonitrile 1,57 

Polyethylene terephthalate, glycol-modif ied 1.57 

Polybutylene terephthalate 1,57 

Polyethylene terephthalate 1.57 

Polycarbonate 1.59 

Polystyrene x 60 

A copolymer of 85 parts by weight vinylidene chlo- 
ride and 15 parts by weight vinyl chloride 1.61 

Polydichlorostyrene 1.62 



20 For the low refractive index component, polymethyl methacrylate (PMMA), polypropylene (PP), and 
ethylene vinyl acetate (EVA) are particularly useful. As the high index component, polystyrene (PS), 
polycarbonate (PC), polyethylene terephthalate (PET), modified PET, and polybutylene terephthalate (PBT) 
are especially suitable. , T , • \ .' 

The polymer resin of the skirT layer may be one of the core polymers or may be a different polymer 

25 chosen for its mechanical and other properties. Impact acrylic resin imparts improved winding characteris- 
tics, and provides a surface which is very receptive to adhesives as well as to printing inks and hot 
stamping foils. Where feasible, it is useful for the skin polymer to be the same as the pearlescent sheet 
polymer. 

The above-described variegated pearly cellulose acetate sheet and iridescent film can be laminated 
30 together with for instance substantially clear and colorless polyurethane adhesive. The resulting sheet 

closely simulates the appearance of mother-of-pearl; it displays both the pearly luster and iridescence of 

the natural product when viewed with the iridescent film as the top surface. 

The laminating procedure depends on the polymers of the pearlescent sheet and the skin of the 

iridescent film. When the two polymers are the same, and sometimes when they differ, they may be 
35 laminated directly by heat without an intervening adhesive. Thus, a pearlescent PVC sheet may be heat 

laminated to an iridescent film which has a PVC skin. Similarly, no adhesive is needed to bond a 

pearlescent methacrylate sheet to an iridescent film with a skin containing PMMA and impact-modified 

PMMA. In some cases, different polymers will bond well by heat lamination, e.g. acrylic to vinyl, EVA to PE. 

For cellulosics to polypropylene, on the other hand, adhesion lamination may be accomplished using 
40 substantially clear and colorless acrylic, polyurethane, thermosetting polyester, or thermoplastic polyester 

adhesives. Another technique is to heat laminate a dry bonding film of, for example, EVA copolymer 

between the pearl sheet and the iridescent film to effect the bond. 

In order to further illustrate the present invention, several examples are set forth below, and it will be 

appreciated that these examples are not intended to limit the invention. 



45 



Example 1: Iridescent film on white pearl-reflecting Ti02-coated mica in polymethyl methacrylate (PMMA). 



PMMA was pigmented by the addition of 2.5% Ti02-coated mica (35% TiCfe, 65 % mica, most platelets 
5-25 urn in the longest direction) by blending in a Banbury mixer followed by granulation. The granulated 

so pearlescent plastic was extruded to form a sheet 1 .33 mm thick. The pearlescent sheet was cut into pieces 
ranging from 10-30 mm in length by 5-15 mm in width which were randomly stacked in a cake mold for 
fusing into one mass by pressing at about 245 *F (about 120*C) and about 6,9 • 10 6 Pa (about 1000 psi = 
about 70 kg/cm 2 ). After cooling, the cake was sliced parallel to the top surface to form sheets 0.25 mm 
thick. The pearlescent sheets had a brilliant variegated pearlescent luster. 

55 To make the iridescent film, clear polybutylene terephthalate (PBT) was fed to a feedblock from one 
extruder and clear PMMA from a second extruder to form a 23 um (0.9 mil) film consisting of a total of 1 15 
PBT and PMMA optical layers and two PMMA skin layers. Each skin layer was 20% of the total film. The 
PBT layers and the PMMA layers both ranged from about 0.11 to about 0.14 urn in optical thickness from 
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point to point on the film. The film was brightly iridescent, and reflected blue, red, and green at 
perpendicular incidence. 

The iridescent film was heat laminated to the pearlescent sheet to produce a brilliantly iridescent and 
pearlescent composite very similar in appearance to natural mother-of-pearl. 

5 

Example 2: Iridescent film on white pearl-reflecting TiCb-coated mica in cellulose acetate (CA). 

The procedure of Example 1 was followed except that cellulose acetate (CA) was used for the 
pearlescent sheet in place of PMMA. The cake was pressed at about 200 *F (about 90 *C) and about 6.9 * 

w 10 s Pa (about 1000 psi = about 70 kg/cm 2 ). The optical core of the iridescent film consisted of 
PETG/PMMA. The PETG layers ranged in optical thickness from 0.17 to about 0.20 urn, and the PMMA 
layers from about 0.07 to 0.09 urn. The skin consisted of a layer of PETG adjacent to the optical core and a 
second outer layer which was a mixture of equal parts of PMMA and impact-modified acrylic resin, i.e. 
PMMA modified with elastomer; this outermost skin layer was applied by means of a third extruder. The 

75 iridescent sheet was prevailingly green and red when viewed at perpendicular incidence. The pearlescent 
sheet and iridescent film were adhesive-laminated with a poly(2-ethylhexyl acrylate) adhesive. 

Example 3: Iridescent film on gold-reflecting Ti02-coated mica in polyvinyl chloride (PVC). 

20 The procedure of Example 1 was followed except that 3.0% gold-reflecting Ti02 -coated mica (50% 
TiC-2, 50% mica) was used as the pigment and PVC as the polymer for the pearlescent sheet. The extruded 
sheet had a uniform golden luster, and was used directly without introducing the variegated pattern of 
Example 1 . 

The iridescent film was made with three extruders: polystyrene (PS) and ethylene vinyl acetate (EVA) 
25 for the optical core, and PVC for the skins. The iridescent film was heat-laminated to the golden PVC sheet, 
to produce a lustrous composite displaying a range of iridescent colors from greenish gold to reddish gold 
and copper. 

Example 4: Iridescent film on bronze-reflecting iron oxide-coated mica in CA. 

30 

The procedure of Example 2 was followed, except that the pigment consisted of 1.5% bronze-reflecting 
iron oxide-coated mica (37% FQ2O3, 63% mica). A variegated pattern was introduced as in Example 2. The 
resulting lustrous bronze sheet was adhesive-laminated with polyurethane to the iridescent film of Example 
2. The resulting product displayed a range of brilliant iridescent colors from greenish bronze to copper. 

35 Examples 1 and 2 illustrate the production of simulated mother-of-pearl. Examples 3 and 4 exhibit novel 
and attractive iridescent colors not encountered in the natural product. Any of the composite sheets may be 
adhered to plastic, metal, wood, paperboard, or other surface to produce the indicated decorative effect. 
They are mechanically stable and can be fabricated and handled without impairment. 

The visual effects can be modified by the use of metal oxide-coated mica pigments with different 

40 particle size range. Smaller particles, e.g. 5-15 urn, produce a softer pearl luster; larger particles, e.g. 10-40 
urn, a more brilliant luster. Still larger particles can be used for a more metallic, glittery luster. Thus, the 
method may be utilized for a wide variety of effects. 

The iridescent films which have been described achieve variations in reflection color by means of minor 
differences in layer thickness in the optical core. Very attractive films with less extended color play are 

45 obtained by reducing the thickness variation. Furthermore, although the invention has been described in 
terms of iridescent film laminated to pearlescent sheets, analogous effects are obtained with iridescent film 
laminated to pearlescent plastic particles of any desired shape. 

Claims 

50 

1. An iridescent, lustrous composite comprising a substrate comprising a transparent or translucent 
thermoplastic resin pigmented with a metal oxide-coated mica pigment, said substrate carrying on at 
least one surface thereof a transparent thermoplastic resinous laminate film of at least 10 very thin and 
generally parallel layers of transparent thermoplastic resinous materials, the contiguous layers differing 

55 in refractive index by at least about 0.03, and in which the layer at each external surface has a 
thickness which is greater than the thickness of any one of said very thin layers. 

2. The composite of Claim 1, in which the pigment is titanium dioxide-coated mica. 
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3. The composite of Claim 1 , in which the pigment is ferric oxide-coated mica. 

4. The composite of Claim 1 , in which the transparent thermoplastic resinous laminate film has at least 35 
layers. 

5 

5. The composite of Claim 1, in which the transparent thermoplastic resinous laminate film has at least 
about 70 layers. 

6. The composite of Claim 5, in which the adjacent contiguous layers differ in refractive index by at least 
10 about 0.06. 

7. The composite of Claim 6, in which each external surface layer of the film has a thickness of at least 
5% of the total thickness of the film. 

75 8. The composite of Claim 7, in which a plurality of the layers of said film is a terephthalate polyester or 
copolyester resin having a refractive index of 1.55 to 1.61 or polystyrene. 

9. The composite of Claim 8, in which the substrate thermoplastic resin is polym ethyl meth aery late and 
said film comprises alternate layers of polybutylene terephthalate and polymethyl methacrylate. 

20 

10. The composite of Claim 8, in which the substrate thermoplastic resin is cellulose acetate, the internal 
layers of the film are alternating layers of glycol-modified polyethylene terephthalate and polymethyl 
methacrylate and the layer at the external surface contains a mixture of polymethyl methacrylate and 
acrylic resin. 

25 " ■ ".!"'*■, ■ 

11. The composite of Claim 7, in which the substrate thermoplastic resin is polyvinyl chloride, the internal 
layers of the film are alternating layers of polystyrene and ethylene vinyl acetate and the film layer at 
each external surface is polyvinyl chloride. 

30 12. The composite of Claim 7, wherein the thermoplastic resin of the substrate and of the external surface 
of the film are heat laminatable without intervening adhesive. 

1a The composite of Claim 7, in which the substrate exhibits a variegated luster. 

35 14. The composite of Claim 1, wherein the thermoplastic resin of the substrate and of the external surface 
of the film are heat laminatable without intervening adhesive. 

15. The composite of Claim 1 , in which the substrate exhibits a variegated luster. 

40 PatentansprUche 

1. Irisierendes perlglanzendes Verbundmaterial umfassend ein Substrat, welches ein durchsichtiges oder 
durchscheinendes thermoplastisches Harz enthalt, das mit einem Pigment aus mit einem Metalloxyd 
uberzogenem Glimmer pigmentiert ist, wobei das genannte Substrat auf wenigstens einer seiner 

45 Oberflachen einen durchsichtigen thermoplastischen Harz-Laminatfilm aus wenigstens 10 sehr diinnen 
und insgesamt parallelen Schichten aus durchsichtigen Thermoplast-Harzmaterialien tragt, wobei die 
aneinanderliegenden Schichten sich im Brechungsindex urn wenigstens etwa 0,03 unterscheiden, und 
wobei die Schicht an den beiden AuBenoberflachen eine Dicke besitzt, die groBer als die Dicke jeder 
der genannten sehr dtinnen Schichten ist. 

50 

2. Verbundmaterial nach Anspruch 1 , bei welchem das Pigment mit Titandioxyd [iberzogener Glimmer ist. 

3. Verbundmaterial nach Anspruch 1, bei welchem das Pigment mit Ferrioxyd uberzogener Glimmer ist. 

55 4. Verbundmaterial nach Anspruch 1, bei welchem der durchsichtige thermoplastische Harz-Laminatfilm 
wenigstens 35 Schichten besitzt. 
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5. Verbundmaterial nach Anspruch- 1 , bei welchem der durchsichtige thermoplastische Harz-Laminatfilm - 
wenigstens etwa 70 Schichten besitzt. 

6. Verbundmaterial nach Anspruch 5, bei welchem die benachbarten aneinanderliegenden Schichten sich 
5 im Brechungsindex um wenigstens etwa 0,06 unterscheiden. 

7. Verbundmaterial nach Anspruch 6, bei welchem jeweils jede auSere Oberflachenschicht des Films eine 
Dicke von etwa 5% der Gesamtdicke des Films besitzt. 

10 8. Verbundmaterial nach Anspruch 7, bei welchem mehrere Schichten des genannten Films aus einem 
Terephthalatpolyester oder -Copolyesterharz mit einem Brechungsindex von 1,55 bis 1,81 Oder Polysty- 
rol ist. 

9. Verbundkorper nach Anspruch 8, bei welchem das thermoplastische Harz des Substrats Polymethylme- 
15 thacrylat ist und der genannte Film abwechselnde Schichten aus Polybutylenterephthalat und Polyme- 

thylmethacrylat umfaBt. 

10. Verbundmaterial nach Anspruch 8, bei welchem das thermoplastische Harz des Substrats Zelluloseace- 
tat ist, die Innenschichten des Films abwechselnd Schichten aus mit Glykol modifiziertem Polyathylen- 

20 terephthalat und Polymethylmethacrylat sind und die Schicht an der AuBenoberflache ein Gemisch aus 
Polymethylmethacrylat und Acrylharz enthalt. 

11. Verbundmaterial nach Anspruch 7, bei welchem das thermoplastische Harz des Substrats Polyvinyl- 
chlorid ist, die Innenschichten des Films abwechselnde Schichten aus Polystyrol und Athylenvinylacetat 

25 sind, und die Filmschicht an jeder AuBenoberflache Polyvinylchlorid ist. 

12. Verbundmaterial nach Anspruch 7, bei welchem das thermoplastische Harz des Substrats und der 
AuBenoberflache des Films ohne Vermittlung eines Klebers heiG laminierbar sind. 

30 13. Verbundmaterial nach Anspruch J, bei welchem das Substrat einen Glanz mit Farbspiel aufweist. 

14. Verbundmaterial nach Anspruch 1, bei welchem das thermoplastische Harz des Substrats und der 
AuBenoberflache des Films ohne Vermittlung eines Klebers heiB laminierbar sind. 

35 15. Verbundmaterial nach Anspruch 1, bei welchem das Substrat einen Glanz mit Farbspiel aufweist. 

Revendications 

1. Composite nacre iridescent constitue" d'un substrat comprenant une resine thermoplastique transparen- 
40 te ou translucide, pigmentee avec un pigment fait de mica revetu d'oxyde metallique, ledit substrat 

portant sur au moins une de ses surfaces une pellicule rcSsineuse thermoplastique transparente 
stratifiee faite d'au moins 10 couches tres minces et g£ne>alement paralleles de matieres rSsineuses 
thermoplastiques transparentes, I'indice de refraction des couches contigues differant d'au moins 
environ 0,03 et la couche de chaque surface exterieure ayant une epaisseur qui est superieure a 
45 I'epaisseur de Tune quelconque desdites couches tres minces. 

2. Composite selon la revendication 1 , dans lequel le pigment est du mica revetu de dioxyde de titane. 

3. Composite selon la revendication 1 , dans lequel le pigment est du mica revetu d'oxyde ferrique. 

50 ^ 

4. Composite selon la revendication 1, dans lequel la pellicule resineuse thermoplastique transparente 
stratified a au moins 35 couches. 

5. Composite selon la revendication 1, dans lequel la pellicule resineuse thermoplastique transparente 
55 stratifiee a au moins environ 70 couches. 

6. Composite selon la revendication 5, dans lequel I'indice de refraction des couches contigues adjacen- 
tes differe d'au moins environ 0,06. 
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7. Composite selon la revendicatton 6, dans lequel chaque couche de surface exterieure de la pellicula a - 
une epaisseur d'au moins 5 % de repaisseur totale de la pellicula. 

8. Composite selon la revendication 7, dans lequel plusieurs couches de ladite pellicule sont faites d'une 
lysine polyester ou copolyester de tirephtalate ayant un indice de refraction de 1,55 a 1,61, ou de 
polystyrene. 

9. Composite selon la revendication 8, dans lequel la resine thermoplastique du substrat est du polym6- 
thacrylate de methyle et ladite pellicule comprend des couches alternees de polybutylene terephtalate 
et de polymethacrylate de methyle. 

10. Composite selon la revendication 8, dans lequel la resine thermoplastique du substrat est I'acetate de 
cellulose, les couches internes de la pellicule sont des couches alternees de polyethylene teVSphtalate 
modifie avec un glycol et de polymethacrylate de methyle, et la couche a la surface exterieure contient 
un melange de polymethacrylate de methyle et de resine acrylique. 

11. Composite selon la revendication 7, dans lequel la resine thermoplastique du substrat est du chlorure 
de polyvinyle, les couches internes de la pellicule sont des couches alternees de polystyrene et de 
copolymere d'£thylene-ac6tate de vinyle, et la couche de pellicule de chaque surface exterieure est en 
polychlorure de vinyle. 

12. Composite selon la revendication 7, dans lequel les resines thermoplastiques du substrat et de la 
surface exterieure de la pellicule peuvent etre stratifies a chaud sans adhesif intermediaire. 

13. Composite selon la revendication 7, dans lequel le substrat presente un eclat bigarre. 

14. Composite selon la revendication 1, dans lequel les resines thermoplastiques du substrat et de la 
surface exterieure de la pellicule peuvent etre stratifiees a chaud sans adhesif intermediaire. 

15. Composite selon la revendication 1, dans lequel le substrat presente un eclat bigarre. 
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